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(57) .\bstract: There is disclosed a method for mak- 
ing a pre!;sure garment, comprising the steps of: duHn- 
ing 3D shape and pressure profile and characteristics 
of a garment; specifying a knitting pattern for the gar- 
ment; calculating yarn feed data for the knitting pat- 
tern to produce the defined shape and pressure profile 
and characteristics: and knitting the seamed or seam- 
less garment according to the knitting pattern and the 
yam feed data. 
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Pressure Garment 

This invention relates to pressure garments and methods for making them. 
S By tiie term "pressure garments" is meant garments which apply pressure to specific areas 
of the human or animal body for medical reasons, such as the management or treatment of 
venous ulceration, deep vein thrombosis or bums, or for operational reasons such as in 
G-suits or sportswear. 

10 Conventionally, pressure garments are made as simple structures such as 

support hose, where the requirement is expressed as being simply to apply a level of 
pressure which is adequate but not too much, and this is achieved by experience or by trial 
and error. Of course, a given size of support hose will stretch more on patients with 
heavier build than on those of slight build, and since the degree of pressure exerted 

15 depends on the degree of stretch, a heavier built patient will experience more pressure than 
a lighter built patient, and the notion of 'one size fits all' works out in practice as 'one size 
fits nobody perfectly'. 

G-suits, and in particular space suits, tend to be custom made and are fitted 

20 with dynamic pressure control, for example to compress the lower body under high 
downward gravitational loading in order to prevent drainage of blood from the brain to the 
lower body. These garments are very expensive. 

The present invention provides new methods for making pressure control 
25 garments that enable custom designed garments to be made quickly and accurately to give 
medically-prescribed pressure regimes. 
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The invention comprises a method for making a pressure garment, comprising 
the steps of: . . 

defining shape and pressure characteristics of a garment;' 
specifying a knitting pattern for the garment; 

calculating yam feed data for the knitting pattern to produce the 
defined shape and pressure characteristics; and 
knitting the garment according to the knitting pattern and the yam 
: feed data. 



10 The shape characteristics may be defined by way of generating a plurality of 

discrete points (a "point cloud") which define the body or part thereof for which the 
garment is intended. 

In one embodiment, the shape characteristics are defined witii reference to 
15 data derived from scanning the body or part thereof for which the garment is intended. 

In another embodiment, the shape characteristics are defined using CAD 
images of input data. The input data may be, for example, measurements made of the body 
or part thereof for which the garment is intended. 

20 

In another embodiment still, the shape characteristics are defined with 
reference to a plurality of tvvo dimensional images of the body or part thereof for which 
the garment is intended. Typically, a plurality of images firom different angles and/or 
elevations may be used. A point cloud may be generated fi:om the plurality of two 
25 dimensional images, the point cloud being used for subsequent processing such as by a 
CAD system. 
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The pressure profiles and characteristics may be defined firom medical 
considerations - a medically qualified person may, for example, decide to prescribe that 
a certain pressure be applied over a certain area, and may operate a 3D body scanner, 
which may be of a commercially available type, or which may be specially developed for 
5 this purpose, to define the 3D shape and dimensions of the garment, and scanned data that 
may be in the form of a point cloud may then be transmitted to a CAD system for defining 
pressure profiles and characteristics. The CAD system calculates yam feed data and the 
knitting pattern. The scanning environment may be remote fix>m the CAD system, data 
being transmitted by any convenient means such as by e-mail. 

10 

CAD system calculated data may be transmitted to a manufacturing operation, 
which may, again, be remote firom the CAD system, data, again, being transmitted by any 
convenient means. 

15 Point cloud data representing 3D shape characteristics may be processed to 

generate an image of the 3D shape the garment has to fit, and pressure profiles and 
characteristics may then be used to calculate machine and/or knitting parameters. The data 
may be overlaid with simulated needle points of a knitting machine to be used for making 
the garment. The garment may be knitted on an electronic flat bed knitting machine or a 

20 circular knitting machine. 

The knitting machine and yam delivery system may be controlled for the 
formation of each stitch, tuck or float of the knitting pattem according to the calculated 
yam feed data. The garment may be manufactured as a 3D seamless garment. 

25 



The elastic extensibility of the knitted garment may be a combination of yam 
elongation and deformation of knitted structure in the garment. This may give the 
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predetermined pressure profile and characteristic on elastic extension, effected by donning 
the garment. 

The garment may be knitted using low modulus yam, which may be polymer 
and/or metal yam having linear and/or non-linear tension/extension characteristics. The 
yam may, for example, increase or decrease its modulus of elasticity on elevation of its 
temperature from ambient or specified temperature to body temperature. 

The invention also comprises garments made by the methods of the invention. 

The invention also comprises apparatus for making pressure garments •; 
comprising data processing means adapted to calculate yam feed data for a specified 
knitting pattern based on defined shape and pressure characteristics of a garment, and a 
knitting machine controlled to knit the garment according to the knittmg pattern and the 
yam feed data. 

The knitting machine may be an electronic flat bed machine or a circular 
knitting machine. 

The knitting machine may be remote from the data processing means, with 
a data link of some description, for example, e-mail, transmitting the data to the knitting 
machine. • 

The apparatus may also include scanning means for deriving 3D shape and 
dimensions from the human or animal body the garment is intended for. The scanning 
means may be remote from the data processing means, information about the 3D shape and 
dimensions together with prescribed pressure profiles and its characteristics being 
transmitted to the data processing means, again by any suitable link. 
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Methods for making pressure garments, garments made thereby and apparatus 
therefor will now be described with reference to the accompanying drawings, in which: 



is a diagrammatic illustration of a manufacturing system 
incorporating the various aspects of the invention; 

is a view of a scanning arrangement deriving shape 
characteristics from a leg for which a pressure garment is to be 
prescribed; and 

is a diagrammatic illustration of a yam feed arrangement of an 
electronic flat bed knitting machine used in the method of the 
invention. 

The drawings illustrate making a pressure garment comprising the steps of 
defining shape and pressure characteristics of a garment 
specifying a knitting pattem for the garment 
calculating yam feed data for the knitting pattem to produce the 
desired shape and pressure characteristics, and 
knitting tiie garment according to the knitting pattem and the yam 
feed data. 



Figure 1 



Figure 2 



Figure 3 



The 3D shape and the dimensions are defined in a body scanner environment 
11, Figure 1. The part of the body at issue is scanned to determine its shape and 
dimensions - see Figure 2 (eg leg is being scanned by a commercially available scanner 
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Pressure profiles and characteristics may be defined on the 3D scanned 
image. This information is matched with a suitable knitting pattern. In Figure 2, the leg 
with lines corresponding to course lines in the finished garment which the medical 
practitioner may colour code (if it is a colour scanner) or make darker or lighter shades to 
indicate a pressure profile, adding, perhaps, legend denoting what pressure is meant by a 
certain colour or thickness of marking. The scanner 12 can store its data on, for example, 
a CD or files server 14, which can be down loaded via any suitable means, e.g. e-mail, 
intranet or Internet to a CAD system 15 which may be remote from the scanning 
enviromnent. 

On the CAD system 15, the scanned data is used to generate a 3D image of 
the body part onto which the medical practitioner may map the required pressure profiles. 
The 3D shape data can be used to produce a screen image, for example, of the required 
garment, which may be a 2D or SD linage, and overlie it with simulated needle points of 
Hie knitting machine for which the pattern is intended. The yam feed for each stitch, tuck 
or float of the pattern may be calculated by a suitable algorithm to produce the required 
pressure profiles and characteristics. 

The knitting pattern, in the form, now, of instructions to control the knitting 
machine, together with the yam feed data, and together with the patient data, machine data, 
yam data and any other relevant information is transmitted to a manufacturing facility 16 
and loaded into a flat bed knitting machine controller 17, Figure 3. 

Figure 3 illustrates diagramraatically a flat bed knitting machine 18 with a 
needle bed 19 and a rail 21 along which runs a yam feeder 22 which has yam feed wheels 
23 controlled by a precision servo motor 26 together with a pneumatic yam reservoir fed 
by yam feed wheels 24 in which a loop of yam 25 is held available for rapidly varying 
feeding rates to the needles at various stages of the knitting so as to put precisely the right 



wo ()3/04(t449 



PCT/GB«2/«41»(»!) 



-7- 

amount of yam into each stitch, tuck or float The pnexraiatic reservoir is to hold the yarn 
xmder near zero uniform tension - the yams used in the manufacture of pressure garments 
are elastomeric, tension-sensitive yams. 

Special yams, of polymer and/or metal, which have linear or non-linear 
tension/extension characteristics, may be used in the manufacture of pressure garments 
according to the invention. 
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CLAIMS 

1 A method for making a pressure garment, comprising the steps of: 

defining 3D shape and pressure profile and characteristics of a 
garment; 

specifying a knitting pattern for the garment; 
calculating yam feed data for the knitting pattern to produce the 
defined shape and pressure profile and characteristics; and 
knitting the seamed or seamless garment accordiug to the knitting 
pattern and the yam feed data. 

2 A method according to claun 1 , in which the 3D shape and dimensions are 
defined with reference to data derived from scanning the body or part thereof for which 
the garment is intended. 

3 A method according to claim 1 or claim 2, in, which the pressxire 
characteristics are defined by medical considerations. 

4 A method according to any one of claims 1 to 3, in which the shape and 
pressure profile or characteristics are defined in a CAD system for calculating yam feed 
data and for a selection of a knitting pattern. 



25 



5 A method according to claim 4, in which the scanning environment is remote 

from the CAD system. 
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6 A method according to any one of claims 1 to 5, in which the CAD 
system-calculated yam feed data and the knitting patterns are transmitted to a 
manufacturing operation. 

7 A method according to claim 6, in which the manufacturing operation is 
remote from the CAD system. 

8 A method according to any one of claims 1 to 7, in which point cloud data 
representing shape and dimensions are processed to generate an image of the shape and 
dimensions the garment has to fit, and pressure characteristics are used to calculate 
machine and/or knitting parameters. 

9 A method according to claim 8, in which the data are used to calculate the 
number of needles per course for knitting the garment. 

10 A method according to any one of claims 1 to 9, in which the garment is 
knitted on a flat bed knitting machine. 

1 1 A method according to any one of claims 1 to 10, in which a servo motor 
controlled feed system is controlled for the formation of each stitch, tuck or float of the 
knitting pattern according to the yam feed data. 

12 A method according to any one of claims 1 to 1 1, in which the garment is 
manufactured as a 3D seamless garment. 

13 A method according to any one of claims 1 to 12, in which the elastic 
extensibility of the garment is controlled by a predetermined combination of yam 
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elongations and deforaiation of the knitted structure in Hie garment to give a predetermined 
pressure profile due to the elastic extension effected by donning the garment. 

14 A method according to any one of claims 1 to 13, in which the garment is 
knitted using low modulus yam. 

1 5 A method according to any one of claims 1 to 14, in which the garment is 
knitted using polymer and/or metal yam having linear or non-linear tension/extension 
characteristics. 

1 6 A method according to claim 1 5, in which said yam increases in modulus of 
elasticity on elevation of temperature from ambient to body temperature. 

17 A pressure garment made by a method according to any one of claims 1 to 1 6. 

1 8 Apparatus for makuig pressure garments cornprising data processing means 
adapted to calculate yam feed data for a specified knitting pattern based on defined 3D 
shape and pressure profiles and pressure characteristics of a garment, and a knitting 
machine and a yam delivery system controlled to knit the garment according to the knitting 
pattern and the yam feed data. 

1 9 Apparatus according to claim 1 8, in which the knitting machine is a flat bed 
machine. 

20 Apparatus according to claim 1 8 or claim 19, in which the knitting machine 
is remote from the data processing means, with a data link of some description, for 
example, e-mail, transmitting the data to the knitting machine. 
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21 Apparatus according to any one of claims 18 to 20, also including scanning 
means for deriving shape characteristics from the human or animal body the garment is 
intended for, 

22 Apparatus according to claim 21, in which the scanning means are remote 
from the data processing means, information about the shape characteristics together with 
prescribed pressure profile and characteristics being transmitted to the data processing 
means by any suitable link. 
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